INTRODUCTION
Among various advanced power source devices, supercapacitors are receiving wide attentions due to their distinctive properties compared to conventional batteries, that is, fast charge/discharge rates, long lifespan, low maintenance cost and safety operation.
Generally speaking, a high-performance supercapacitor electrode requires electrochemical stable materials, large surface areas, decent electrical conductivity and ion transport kinetics. 1 Nanostructured transition metal oxides (such as MnO 2, Co 3 O 4 and NiO) and their hybrids have high specific capacities and high energy densities due to their rich nanostructures with large surface areas, and capability of interfacial redox electrochemical reactions. [2] [3] [4] [5] [6] However, most of these materials are intrinsically less conductive, which makes them kinetically deficient to support fast electron transport required by high power applications. In this context, utilization of nano-featured conductive frameworks as the substrates (or current collectors) for the electrochemical active materials is one of effective strategies to boost the energy density and power density. [7] [8] [9] [10] Metallic substrates, such as Ti foil, Ni foil, stainless steel, and Ni foam have been commonly employed to improve the pseudocapacitive performance of oxide electrodes. [11] [12] [13] [14] However, their flat surfaces or micron-grade pores severely limit the loading of active materials; a metallic substrate with a higher porosity with submicron or nano-sized features is more favorable. Three-dimensional (3D) conductive metals framework, which is ideally suited for electrodes in batteries, supercapacitors, electrochemical catalysis and fuel cells, has been a very intriguing topic for decades. [15] [16] [17] To date only a very limited number of 3D nano-sized metal framework structures have been realized in some very particular material systems. For example, porous metal Ni and Au networks were obtained by a de-alloying process 18, 19 , and microporous dendritic nano-Ni and nano-Cu films were formed by electrodeposition. 15, 20 But there are relatively few demonstrations of the enhanced pseudocapacitive performance based on the above porous nano-metal substrates.
In 
Characterization and electrochemical measurements
The morphologies of the samples were characterized using a field emission scanning electron microscopy (FESEM, FEI SIRION). The detailed nanostructures of the samples were investigated using a high-resolution transmission electron microscopy (HRTEM, JEOL JEM-2010F) operating at 200 kV. The crystal structures of the samples were identified using X-ray diffraction (XRD, RigakuD/Max-2550 with Cu Kα radiation). Raman spectrum was obtained with a WITec-CRM200
Raman system (WITec, Germany) with a laser wavelength of 532 nm (2.33 eV). The Si peak at 520 cm −1 was used as a reference to calibrate the wavenumber.
Electrochemical measurements were performed in a tri-electrode cell consisting of a working electrode (core/branch arrays), a platinum plate counter electrode and an Hg/HgO reference electrode in a 2 M KOH electrolyte. Electrochemical performance was evaluated by galvanostatic charge/discharge tests (LAND battery testing system) and cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) measurements (CHI660C electrochemical workstation). CV measurements were carried out at different scanning rates between 0.1 and 0.6 V at 25 o C. For EIS, the amplitude of the sine perturbation signal was 5 mV, and the frequency was scanned from the highest (100 kHz) to the lowest (10 mHz). 
where I (mA), Δt (s), ΔV (V) and M (mg) represented discharge current, total discharge time, potential drop during discharge and mass of electrode materials, respectively.
RESULTS AND DISCUSSION
The general fabrication procedure of the hollow metal/metal oxide core/branch arrays (CBA) is illustrated in Fig. 1 . First, ZnO nanorods template was grown on conductive substrates following the standard hydrothermal synthesis method. Second, a thin layer of metal particles was electrodeposited along the surface of ZnO nanorods (see Each ZnO nanorod has evident hexagonal facets (inset of Fig. 2(b) ), which is characteristics of its hcp crystal structure. 21, 22 The diffraction peaks at 31. After the electrodeposition of Ni (30 min), the nanorod array structure is well preserved, but each nanorod become thicker and rougher because of a full coverage of Ni particles (see Fig. 2c and d) . During this process, the semiconducting ZnO nanorods act as the backbone to guide the nucleation deposition of Ni. The growth mechanism of the Ni nanoparticle shell can be well understood based on previous reports. 23, 24 To see it clearly, we also conducted time-control experiments (see Figure 8 3a-c). Heterogeneous nucleation on ZnO nanorods occurs when Ni nanocrystallites precipitate in the supersaturated solution, which is a process of surface energy minimization. The early-stage nucleation of Ni along the surface of ZnO nanorods can be seen by a sparse attachment of some small particles after 5 min deposition. With increasing deposition time, these nanoparticles grow and merge, until eventually form a continuous layer of Ni particles covering the entire ZnO nanorod surface (see Fig. 3 (c)). Fig. 2(f) . The "oriented" growth mechanism of the nanoflakes during electrodeposition has been elaborated previously. 5, 25, 26 Briefly, in the early stage OH  ions are absorbed onto the surface of the Ni nanocorns; the OH  ions then react with 9 the neighbor Co 2+ to form the initial Co(OH) 2 crystals. These crystals will serve as nuclei for the subsequent growth of Co(OH) 2 nanoflakes via self assembly. These processes are also disclosed by results of the time-control experiments (see Fig. 3 (df)). It is noteworthy that similar Ni/Co 3 O 4 CBAs can also be readily fabricated on other conductive substrates (such as Ti and stainless steel foil, see supporting information Fig. S1 ). Given the versatility of the electrodeposition technique for other metal oxides, [23] [24] [25] our fabrication method for metal/metal oxide CBAs is general. Fig. 4(b) ). The Ni/Co 3 O 4 CBA structure can also be easily distinguished from the TEM image (Fig. 4(c) ). The Ni core nanorod is tightly wrapped with the Co 3 O 4 branch nanoflakes; the flakes possess nanocrystallites of about 10 nm in size and numerous nanopores ranging from 3 to 5 nm (Fig. 4(d) ). This hollow core and unique mesoporous branch is good for electrolyte penetration and ion/electron transfer which may result in enhanced electrochemical properties. Besides, the corresponding polycrystalline FFT pattern (inset in Fig. 4(d) ) of the branch nanoflakes can be well (JCPDS 42-1467) ( Fig. S2(a) ). The phase is also supported by Raman peaks at around 476, 516, 615, and 683 cm -1 , corresponding to the E g , F 2m 1 ,F 2g 2 and A 1g modes of CBAs electrode, cycling response up to 10 000 cycles was recorded at a current density of 2 A g -1 . As shown in Fig. 5(d) , the capacitance exhibits negligible loss (v5%) even after a continuous 10 000 cycles, much better than that of Co 3 O 4 nanosheet electrode which shows a worse cycling stability with a 14% capacitance loss after 6000 cycles at a current density of 2 A g -1 . Generally, before the device can deliver the highest capacitance, an "activation process" can be observed and indicated by a gradual capacitance increase within first 400~1000 cycles; this is related to the electrolyte penetration into the core of the 
Conclusion
We have demonstrated a porous Ni/ and an outstanding cycling performance (~95% capacitance retained after 10 000 cycles). The performance enhancement could be exclusively attributed to the unique hollow Ni nanocorn arrays, which is highly conductive and allows more efficient loading of active materials and sufficient access of electron/ion, as well as enhanced structural integrity. Given the versatility of the electrodeposition technique for both metal and metal oxides, our design protocol can be applied to many other hybrid systems for the high-potential electrochemical applications in Li ion battery, supercapacitors, and catalysis.
